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for these processes have tended to remain the same: the out-
ward transport of heat from the interior of the earth and the
input of solar energy. The intensity of these processses has
varied with time, and the response of the earth to the input
of solar energy has been affected by the origin and evolution
of life. The nature and the intensity of the forces that have
dispersed and concentrated the elements and their compounds
have therefore also varied with time. Nevertheless, the simi-
larity between the most ancient rocks, both igneous and me-
tasedimentary, and their modern counterparts attests to the
constancy of earth processes during the past 3.8 billion years
(b.y.). Recognition of this rough invariance and of the modu-
lation of earth processes with time has been and will almost
certainly continue to be an important ingredient in mineral
exploration on a regional scale.

Concentration processes that lead to the formation of mineral
deposits can operate in one of two ways; by selectively re-
moving a large fraction of material from approximately average
rocks and thereby concentrating one or more elements in the
residuum or by direct concentration of a previously dispersed
element or compound. Bauxite and lateritic Ni ores formed as
a consequence of intense chemical weathering (see Chapter 7)
are examples of ores that owe their origins to processes of
selective removal. The composition of the earliest metasedi-
mentary rocks (i.e., Holland, 1976) indicates that carbonation
reactions during weathering were intense as long as 3.8 b.y.
ago, and it therefore seems likely that bauxites and lateritic Ni
ores have formed during much of earth history in parts of the
continents where chemical weathering was particularly intense.

Most ore deposits have, however, been formed by processes
that have brought together previously dispersed materials. These
processes have almost invariably involved one or more fluid
phases and have been driven by a variety of physical, chemical.,
and biological mechanisms.

PHYSICAL MECHANISMS

Gravity has played a major role in the formation of placer
deposits (see Chapter 8), in the formation of cumulate chromite
deposits in ultramafic intrusives (see Chapter 4), in the sepa-
ration and accumulation of magmatic Cu~Ni sulfide deposits,
in driving the flow of hydro thermal solutions and groundwaters
(see Chapter 5), and in the separation and accumulation of
petroleum and natural gas. In contrast, magnetic and electric
forces seem to have played a negligible role in element con-
centration, except perhaps in the short-range migration of ele-
ments in response to natural ground currents.

Since the earth attained essentially its present size approx-
imately 4.5 b.y. ago, the acceleration due to gravity has pre-
sumably remained nearly constant for nearly all of the earth's
history. There is, however, a fair amount of evidence for con-
siderable changes in the oxidation state of the atmosphere, and
it seems likely that placers formed more than about 2.2 b.y.
ago contained a higher proportion of minerals that are suscep-
tible to rapid oxidation and dissolution under present-day con-
ditions. The uraninite-containing placers at plind River in Can-
ada, at Jacobinain Brazil, and in the Witwatersrand atwl Dom^wbii
Reef series of South Africa are almost certainly e

such preservation in a less-oxidizing environment. It seems
likely that other Archean and early Proterozoic placer deposits
exist, and it may be worth looking for ancient placers that
contain commercial quantities of base metal sulfides and other
easily oxidized minerals. Additional efforts may also be war-
ranted to identify the source regions of the known Precambrian
Au-U placers and to search for primary deposits of these ele-
ments. It may also be prudent to keep in mind the possibility
of finding late Precambrian and Phanerozoic placers of easily
oxidized minerals where erosion, transport, and deposition were
exceptionally rapid.

CHEMICAL MECHANISMS

Chemical mechanisms of concentration are generally driven by
chemical potential gradients, many of which owe their origin
to temperature and pressure gradients. This is surely true of
mechanisms related to partial melting, fractional crystallization,
and liquid immiscibility in silicate and sulfide systems (see
Chapter 4). It also applies to the boiling of magmas (Chapter
5) that seems to be largely responsible for the development of
porphyry Cu and porphyry Mo deposits and perhaps for the
origin of many postmagmatic hydrothermal base- and precious-
metal deposits. However, vertical and horizontal temperature
gradients within and around cooling intrusives also frequently
generate systems of circulating meteoric and/or connate waters.
Their circulation patterns, which are frequently discernible in
the geometry of their isotopic signatures, have led to the de-
velopment of major hydrothermal base- and precious-metal
deposits. Recent detailed work (Petersen et al, 1977; Birnie
and Petersen, 1977; Wu and Petersen, 1977) on the zoning
patterns of metals within extinct hydrothermal systems of this
type has shown that contours of bulk metal ratios and solid
solution compositions can be used to quantify mineralogical
changes and to identify the initial front and final edge of the
ore deposition interval. This deposition interval is commonly
a contorted band with considerable lateral extent relative to its
width, as measured from the initial front to the final edge. The
zoning contours give information concerning the direction of
lateral continuation of the ore band and provide an estimate of
the distance to the front of initial saturation. They are, there-
fore, useful in choosing appropriate and efficient exploration
and development strategies.

Zoning patterns also permit a more quantitative treatment
of the paleohydrology of such systems by the application of the
techniques of hydrologic modeling, which have been pioneered
by Cathles (1977), Norton and Cathles (1979), and Fehn and
Cathles (1979). It now seems likely that the thermal structure
required for the development of major hydrothermal ore de-
posits is present in the vicinity of many intrusives and within
the deeper parts of many volcanic complexes and that the de-
velopment of ore deposits in such settings depends rather crit-
ically on the nature of the hydrothermal flow regimes in such
settings. In particular, a relatively large proportion of the total
flow must apparently be channeled through a rather small num-
ber of pipes arid/or fractures. If the flow is too diffuse, miner-
alization Becomes too dispersed and does not reach ore grade,
studies have demonstrated that some mining districts